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The levels of free arachidonic acid and 12L-hydroxy-
5,8,10,14-eicosatetraenoic acid (12-HETE) are elevated in 
lesional epidermis of psoriasis (Hammarstrom et al: Proc 
Nat! Acad Sci USA 72:5130- 5134, 1975). In the present 
study, transformations of arachidonic acid by normal 
and psoriatic involved and uninvolved epidermis were 
qualitatively compared with similar 'transformations in 
adult mouse epidermis and dermis and neonatal mouse 
keratinocyte suspensions. Metabolites were identified by 
mass spectrometry or by comigration with reference 
compounds on thin-layer chromatography. Human epi-
dermis and mouse dermis converted arachidonic acid 
mainly to 12-HETE and prostaglandin E z• Mouse epider-
mis, formed HETE, PGD2 and PGE2• The keratinocyte 
suspensions formed the same products as mouse epider-
mis but also PGF2" . Cultures of these cells exhibited 
stimulated synthesis of PGEz in response to tetradeca-
noyl phorbol acetate. This stimulation was prevented by 
triamcinolone, indomethacin and 5,8,11,14-eicosatetray-
noic acid (ETA) but not by 5,8,1l-eicosatriynoic acid 
. (ETI). The latter compound stimulated basal PGEz for-
mation. In conclusion: (1) the tissues investigated all 
converted arachidonic acid to HETE and PGEz (2) throm-
boxan~ Bz and 6-keto-PGF I .. were not formed in appre-
ciable amounts under the conditions used; which might 
sugges t (3) that HETE, PGEz, PGF2 .. and their precursors 
are more likely to be regulators of epidermal function 
than thromboxane Az or PGlz and finally (4) cultured 
k eratinocytes which produce HETE, PGE2 and PGFz" 
may be a suitable mode l for detailed studies of growth 
regulation by arachidonic acid metabolites. 
Arachidonic acid is the precursor of a numbe r of biologically 
active compounds s uch as prostaglandin (PG) D~, PGE~, PGF~,,, 
PGlz, thromboxane Az (Fig 1), a nd 12L-hydroxy-5,8,10,14-eicos-
atetraeno ic acid (12-HETE) [1]. Thromboxane A z and PGIz are 
unstable in aqueous media a nd yield thromboxane B z a nd 6-
keto-PGF I", respectively, upon r eaction with water (Fig 1) . 
Previously, we reported inc reased levels of arachidonic acid 
in involved psoriatic epidermis [2]. In addition, markedly ele-
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vated 12-HETE levels were found whereas the levels of PGE., 
a nd PGFt " wer e only minimally elevated. This led us to quali= 
tatively investigate the pattern of a rachidonic acid transfor. 
mations in epidermis. The res ul ts s how that HETE and PGE . 
are m ajor products form ed by normal and psoriatic human 
e pide rmis and by adult mouse dermis . Mouse epidermis con. 
verte d arachidonic acid mainly to HETE, PGD2 and PGE., 
whereas neonatal mouse keratinocyte s us pe ns ions in additio~ 
forme d PGF2". 
METHODS 
Chemical8 
[l -"'C]Arachidonic acid (55 Ci/mol) was purchased from The Radi_ 
ochemical Centre, Amersham. [l-"'C]pCH, was prepared as previous ly 
described [3]. The compounds were pure as judged by thin-layer 
chromatography. Unlabeled prostaglandins and 6-keto-PGF, ,, were 
kindly provided by Dr. J . Pike of the Upjohn Company, Kalamazoo 
Michigan. ' 
Shin biopsies 
Epidermis biopsies from uninvolved and involved psoriatic s kin 
(stable pso riasis vulgaris; plaques present for > 2 mo and not t reated 
for > 2 weeks) and from norma l human skin were removed by a 
Castroviejo keratome as previously described [4]. Adult BALB/c mice 
were anesthetized by intraperitoneal injec tion of pentobarbital (20 m g). 
The fur was mechanically clipped and the skin was shaved. Twenty_ 
four hours later , epidermis was removed by a keratome (depth = 0.1 
mm) . Dermis was subsequent ly removed by keratome (depth = 0.2 
mm). The t issues were immediately snap frozen in liquid nitrogen and 
s tored a t -70°C. 
Cell cultures 
Keratinocyte cul tures were prepared as previously reported [5]. 
Briefly, 50-60 neonatal ' BALB/c mice were washed in pHisohex, 70% 
ethanol and a nesthetized on ice. After removal of full thickness skin 
the epide rmis was separated from the dermis by digestion with 0.25 ' 
trypsin at 37° for 1 hr. The keratinocytes were separated from debri 
and any derma l fibrob lasts by use of a discontinuous FicoU gradient. 
Freshly dissocia ted keratinocytes were suspended in medium 199/ 13% 
fetal calf serum/ penicillin C/streptomycin (Flow Laboratories, Rock-
ville, Maryland, USA). Aliquots were frozen for determinations of 
arachidonic ac id transformations or plated in 1'-25 flasks and grown at 
33°C with 5% CO, in air gassing. The medium was changed every 
second day . 
Incubation:; 
S kin biopsies were powdered at - 78° and suspended in 6 volumes of 
0.1 M KpO,,, pH 8.0/0.03 M EDTA. [l -"' C]Arachidonic acid was added 
in ethanol to a concent ration of 4 Itg/ml and the mixtures were incu-
bated at 37° for 10 min with stirring under air. Incubations were 
stopped by addition of 5 volumes of ethanol. Alternatively, the mixtures 
were preincubated for 30 sec at 24°, [I-I"C] pCH, in acetone was added 
to a concentration of 25 Itg/ml and the mixtures were incubated for 1 
min at 24 ° . Ethanol containing 5 mg/ml of SnCll (5 volumes) was added 
to stop these reactions. Keratinocyte suspensions (1.5 x 10' cells) were 
thawn and centrifuged at 100,000 xg for 60 min. After rinsing with 
buffer the sediment was resuspended in 0.5 ml of 0.1 M KPO., pH 8.0/ 
0.03 M EDTA and preincubated for I min at 37°. [l- 14C]Arachidonic 
ac id was added, the incubation was continued and stopped as described 
above. 
The mix tures conta ining ethanol were filtered, diluted with water, 
acidified to pH 3 and extracted with diethyl ether. 
Aug.1979 
A na lyses 
Aliquots of the ether extracts were mixed with 10 /lg of PGD" PGE" 
PGF"" 6-keto-PGF \" or thromboxane B" converted to methyl esters 
with diazomethane (except for analyses using solvent system A, below) 
and applied to silica gel G thin-layer pla tes. The solvent systems ~sed 
were: (A) ethyl ace tate/ acetic acid/ 2,2,4-trimethylpentane/ water, 9: 2 : 
5: 10 (v/ v/ v/ v, organic phase), (B) diethyl ether/ methanol, 49: 1 (v/ v) 
and (C) ethyl acetate/ 2,2,4- trimethylpentane/ water, 1: 2:2 (v/ v/ v, or-
ganic phase). A Berthold Dunnschicht scanner II and phosphomolybdic 
acid spray were used to detect radioac tivity and unlabeled reference 
compounds, respectively. 
For gas-liquid chromatography mass spectrometry (GC-MS) , ex-
tracted products were purified as methyl esters by silica gel G thin-
layer chromatography (TLC) using chloroform/ methanol/acetic acid/ 
water, 80 :9 : 1 :0.65 (v/ v/ v/ v) as solvent. A zone conta ining PGE" PGD" 
thromboxane B~ and 6-keto-PGF \" was elu ted wi th methanol and 
converted to O-methoxime, trimethylsilyl ether (TMS) derivative. 
Other TLC zones containing HETE and PGF1" were elu ted with diethyl 
ether and methanol, respectively and converted to TMS derivatives. 
Analyses by GC-mass spectrometry were performed using an LKB 9000 
instrument wi th a 1% OV-I column. 
PGE, and PGF,,, levels in growth medium from cultured keratino-
cytes were determined by radioimmunoassay after NaBH\ reduction of 
PGE, [6]. 
RESULTS 
Fig 2 shows typical thin-layer radiochromatograms of the 
products formed from ara chidonic acid by normal, uninvolved 
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FIG 1. Conversion of arachidonic acid to prostaglandins (PC) and 
t hromboxanes (TX ). 
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FIG 2. Thin-layer chromatograms of products formed from \'C-ar-
achidonic acid during incubations with human epidermis preparations 
(37°, 10 min, pH 8.0). Solvent systems: A (left co lumn) : ethyl acetate/ 
acetic ac id/ 2,2,4-trimethylpentane/ water, 9 : 2 : 5: 10 (v / v / v l v, organic 
phase); B (middle column) : diethyl ether/ methanol, 49: I (v/ v); C 
(right column) : ethyl acetate/ 2,2,4-trimethylpentane/ water, I : 2: 2 (v / 
v/v, organic phase) . Positions of in te rnal (A and B) and exte rnal ( C) 
reference compounds are indicated. 
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FIG 3. Thin-layer chromatograms of products formed from \'\C-pros-
taglandin H, during incubations wi th human epidermis (24°,1 min, pH 
8.0) . Reactions were stopped by addition of SnCb in ethanol. Solvent 
system A (legend to Fig 2) was used. Positions of in ternal reference 
compounds a re indicated. PGF,,, was largely formed by SnCl, reduction 
of excess substrate. PGD, was formed by nonenzymatic isomerization 
of PGH, . 
a nd involved psoria tic epidermis (8 biopsies of each type were 
a nalyzed) . Solvent system s A, B a nd C were used for t h e 
a na lyses shown in the left , middle a nd right columns, respec-
ti vely. The posit ions of PGD~, PGE~ , PGF1", 6-ke to-PGF \" a nd 
thromboxane B 1, added as inte rnal referen ces, a re indicated . 
The most a bunda nt product form ed by e ither ty pe of epider -
mis ha d a n R r value of 0.5 in solvent system C . This product 
h a d t he sam e re t ent ion time a nd m ass spectrum as HETE 
when a nalyzed by gas-liquid chromatogra phy-mass spectrom-
etry (GC-M S ) as methyl est e r, t rimethy ls ily l eth er, de rivative. 
Another a bunda nt product formed by normal uninvolved or 
involved epidermis cochroma togr a phed wit h PGE2 us ing sol-
vents A or B . The O-meth yloxime, m ethy l ester t rimethy ls ilyl 
e ther de rivative of t his compound was ident ical t o t h e corre-
sponding PGE2 deriva tive by GC-MS a nalysis . 
B y compal'ison t h e amounts of ra dioactivity chromatograph-
ing wi t h PGF1" (solvent sys tem s A a nd B) , PGD2 (A and B), 
thromboxa ne B~ (B) and 6-ke to-P GF\" (A) were much lower . 
N ormal and psoriatic epidermis specimens (2 of ea ch type) 
were also incubated with !'\C-PG H 1 . The products were a na -
lyzed by TLC us ing solven ts A-C. In each case 2 major products 
were formed . These products cochromatogra phed with PGE2 
a nd PGF , ,, us ing solvent A (Fig 3) a nd solvent B (not sh own ). 
The amounts of radioactivity associa t ed wi t h thromboxan e B2 
a nd 6-keto-P GF \" were very low. PGD~ was formed by n one n-
zym atic isomerization of PGH1 in t hese experiments. 
Fig 4 shows typical thin-layer chromatograms of products 
formed from arachidonic acid by adult mouse epidermis and 
d ermis (3 specimens of each type were analyzed) and by 
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FIG 4. Thin-layer chromatograms of products formed from "'C-ar-
achidonic acid during incubations with mouse skin preparations. Details 
are given in the legend to Fig 2. 
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F IG 5. Prostaglandin E1 levels in growth media from cultured mouse 
keralinocytes. T he drugs dissolved in ethanol were added on day 1, 24 
hr afler plating (final ethanol concentration 1%). TA was added 2 hr 
prior to TP A on day 1. The medium plus drugs was changed on days 2 
and 4. Analyses of medium collected on day 5 (pooled from quadrupli-
cale nasks) for PGE1 was as described in the methods section. TPA = 
5 x 10 !I M tetradecanoyl phorbol acetate; TA = 10- " M triamcinolone 
aceton ide; IM = 10- 7 M indomethacin ; ETA = 10- ' M 5,8,1l,14-eicosa-
tet raynoic acid; and ETI = 10-" M 5,8,11-eicosatriynoic acid. 
neonatal mouse keratinocyte suspensions (3 samples). Solvents 
A-C were used for the analyses. The most abundant product 
formed by these t issues migrated with the same Rr value as 
HETE methyl ester, using solvent C. The second most abun-
dant product cochromatographed with PGE~ and the third 
largest product formed by adult mouse epidermis cochromato-
graphed with PGD2 • The neonatal keratinocyte suspension also 
formed products which cochromatographed with PGF2,. (sol-
vents A and B). 
The keratinocyte suspensions were also inoculated and cul-
tured in the presence of agents which could enhance or reduce 
PGE2 formation (Fig 5). In comparison with cont rol , tetrade-
canoyl phorbol acetate (TPA) produced a 148% increase in the 
PGEz content of culture medium. Triamcinolone (TA), indo-
methacin (1M) and 5,8,1l,14-eicosatetraynoic acid (ETA) re-
duced the TPA stimulated PGE2 levels below those of the 
cont rol. The 3 agents also reduced the PGE2 contents of media 
from unstimulated control cultures to similar values. By con-
trast, 5,8,1l-eicosatriynoic acici (ETI) had a negligible effect on 
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the TPA stimulated PGE2 level a nd increased th e basal PGE2 
level by 46%. 
DISCUSSION 
It has previously been shown that cyclic nucleotide and 
arachidonic acid metabolism are deranged in psoriasis [2,4,7]. 
These abbe rations may be intelTelated since arachidonic acid 
a nd several of its metabolites can stimulate or inhibit the cyclic 
nucleotide forming enzym es in a number of tissues [1 ,8-10]. 
PGE2 and PGF 2" can also influence cell growth a nd differentia-
tion [11- 13] a nd PGGz (Fig 1) has been proposed to be a 
mediator of infla mmation [14]. Thus it is apparent that aJ'ach-
idonic acid and its oxygenated products can regulate a variety 
of cell functions through cyclic nucleotide dependent and in-
dependent mechanisms. 
The present investigation shows that normal, and psoriatic 
huma n epidermis convert arachidonic acid to HETE, PGE2 and 
PGF2" . Mouse dermis forms HETE and PGE2 and mouse 
epidermis in a ddition produces PGD2 • Dissociated keratino-
cytes from neonatal mouse epiderm is converts arachidonic acid 
to PGE2 , PGF2" and PGD2 . 
By comparison, considerably smaller amounts of PGh and 
thromboxane A2 were formed by these tissues as judged by the 
synthesis of rad ioactive 6-keto-PGF,,, and thromboxane B2 • 
This may suggest that prostacyclin and thromboxane Az are 
less likely to be regulators of epidermal cell function than some 
of the other arachidonic acid metabolites. 
Ep idermal keratinocytes in culture released PGE2 into the 
growth medium (Fig 5). Tetradecanoyl phorbol acetate (TPA) , 
a tumor promotor, stimulated the PGE2 synthesis by these 
cells. It has previously been shown that phorbol diesters stim-
ulate arachidonic acid release and prostaglandin formation in 
dog kidney cells [15]. Triamcinolone completely prevented TPA 
stimulated PGEz synthesis. S ince corticosteroids inhibit the 
release of arachidonic acid from cellular lipids [16] this obser-
vation suggests t hat TP A acts by stimulating the same reaction. 
Basal a nd TPA stimulated PGE2 formations were also inhibited 
by indomethacin and 5,8,1l,14-eicosatetraynoic acid (ETA) . 
ETA inhibits both prostaglandin endoperoxide synthase and 
the epidermal lipoxygenase which forms 12-HETE [2]. 5,8,11-
Eicosatriynoic acid (ETI) is a more selective inhibitor of the 
lipoxygenase [17]. ETI did not inhibi t TPA induced PGE2 
synthesis in keratinocytes. In fact stimulated basal PGE2 pro-
duction in these cells was observed, presumably bue to shunting 
of arachidonic acid from the lipoxygenase to prostaglandin 
endoperoxide synthase. Analogously, increased HETE form a-
tion has been reported [2] in indomethacin-treated epidermis. 
Indomethacin inhibits prostaglandin endoperoxide synt hase 
but not t he lipoxygenase. 
In summal'y, the major products formed from arachidonic 
acid (or PGH2) during incubations with normal and psoriatic 
huma n epidermis, adult mouse dermis and epidermis and neo-
natal mouse keratinocytes were HETE and PGE2• PGDz wa 
formed by mouse epidermis and keratinocytes and PGF2" by 
keratinocytes. No appreciable conversions to thromboxane B2 
or 6-keto PGF,,, were observed. This suggests that HETE , 
PGD2, PGE2 a nd PGF2" may be more likely to be regulators of 
epidermal a nd dermal function than thromboxane A2 or PGh 
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